Summary. Uterine 
Introduction
The composition of uterine fluid is particularly important for the understanding of reproductive processes. The uterine fluid constitutes the natural environment in which many events leading to the establishment of pregnancy occur (sperm ascent and capacitation, blastocyst growth and implantation).
Specific proteins are synthesized and secreted within the uterine lumen in response to ovarian steroids and considerable efforts have been made to analyse the protein composition of uterine fluid for a large variety of species in different hormonal conditions (Aitken, 1979; Bell, 1988) . However, the origin and amount of steroids present in luminal fluid have been poorly explored, especially in rodents. Previous studies have shown selective concentrations of particular steroids in uterine lumen relative to plasma or serum (Eiler et al, 1977; Khan-Dawood & Dawood, 1984; Zavy et al, 1984; Stone et al, 1986) . Among these steroids, progesterone is of particular interest and its role in the histological and biochemical differentiation of endometrium for successful establishment of pregnancy is well known (Psychoyos, 1973 ; Glasser & McCormack, 1982) .
We investigated the variations in progesterone content of rat uterine lumen throughout the four-day oestrous cycle. In rabbits, changes in progesterone concentrations in uterine washings have been associated with changes in uterine fluid protein content (Fowler et al, 1977) , including those uterine specific proteins that bound progesterone with high specificity and affinity (Beato, 1976; Miele et al, 1987 by radioimmunoassay using a highly specific antibody (Biomérieux, Lyon, France. The anti-progesterone serum crossreacted significantly only with deoxycortisone (6-6%), (5a-dihydroprogesterone (3-9%), 5ß-dihydroprogesterone (2-6%) and 6ß-hydroprogesterone (2-1%). The sensitivity of the assay was 10 pg per tube. The intra-and interassay coefficients of variation were less than 10%.
'Total' progesterone in luminal fluid was defined as that obtained after denaturation of proteins from uterine washing and further extraction with diethyl ether. It was measured after precipitation of an aliquot of each sample with ethanol (Merck, 6 vol: I vol of sample). After overnight precipitation of proteins at 4"C, the sample was centrifuged at 3000 # for 15 min at 4°C. The pellet was kept for further determination of protein content. The supernatant was evaporated to dryness with a Speed-Vac concentrator (Savant Instruments Inc., Farmingdale, NY), resuspended in 01 mol phosphate buffered-saline 1" ', pH 7-4, containing 0-5% bovine serum albumin (BSA fraction V, Sigma) and extracted twice with diethyl ether. The amount of 'total' progesterone was then determined by radioimmunoassay. 'Bound' progesterone was estimated by the difference between 'total' and 'ether-extractable' progesterone. Similar amounts of'bound' progesterone in uterine flushing were obtained after ethanol treatment and after protein denaturation by 2-5% NaOH as previously described for progesterone-binding globulin in guinea-pigs (Challis et al., 1971) .
The specificity of the progesterone assay was further verified by steroid determination after celite chromatography (Abraham et ai, 1972) of 16 different sera and 16 different uterine washings collected at the different stages of the oestrous cycle. The recovery of radiolabelled progesterone added to samples and eluted from celite columns was 90-9 + 0-4%. Values of progesterone measured after chromatography and expressed as a percentage of those determined without purification were (mean + sem): 91-6 + 6-3 (serum progesterone); 99-6 + 4-7 ('ether-extractable' progesterone in uterine washing) and 93-7 + 6-2 ('bound' progesterone in uterine washing).
Protein determination
The protein pellet obtained after overnight precipitation of washings by ethanol was resuspended in 01 mol NaOH l"1 and the amount of protein was determined by a protein-dye binding method (Bradford, 1976) with BSA fraction V as standard.
Histological examinations
The integrity of the luminal epithelium after flushing was verified by histological examination of several horns that had been fixed in Bouin's fluid after flushing. Transverse sections were cut at random all along the uterine horn and stained with haematoxylin-eosin for light microscope examination.
Statistical analysis
One-way analysis of variance (anova) was used for statistical comparisons.
Results
The amount of 'ether-extractable' progesterone in uterine flushing was found to be remarkably constant throughout the oestrous cycle (about 340 pg per uterus), except in oestrus when its value was reduced to 200 pg per uterus (Fig. la) . However, total progesterone content showed pronounced cyclic variations during the oestrous cycle (Fig. la) Changes in content of'bound' progesterone were not accompanied by simultaneous variations in total protein content of the lumen. The total protein content of the lumen peaked at pro-oestrus (780 ± 160 µg per uterus), concomitantly with the ballooning of the uterine horns, then remained constant at about 140 µg per uterus from oestrus to dioestrus (Fig. lb) . Although the total protein content of the lumen remained constant from oestrus to dioestrus, modifications of the bound fraction were observed ( Assuming a uterine fluid volume of 500 µ per uterus on the day of pro-oestrus and of about 50 µ at the other stages of the oestrous cycle (Nequin et al., 1979) , the mean concentrations of 'ether extractable' and 'total' progesterone in rat lumen varied respectively from 0-7 ng ml-1 (pro-oestrus) to 6-8 ng ml-1 (metoestrus) and from 1-5 ng ml-1 (pro-oestrus) to 18ng ml-1 (dioestrus). The absence of correlation between circulating concentration and uterine lumen concentration of progesterone seems to be a general phenomenon among all species studied, during the oestrous cycle as well as in early pregnancy (Eiler et al, 1977; Khan-Dawood & Dawood, 1984; Zavy et al, 1984; Stone et al, 1986) .
Excluding the day of pro-oestrus, when luminal 'ether extractable' progesterone content was highly correlated with serum progesterone probably because of an increase in uterine vascular permeability, the amount of progesterone present in rat uterine lumen was independent of serum progesterone concentrations. The variations of luminal progesterone content could be related (Bonnamy et al, 1989) , (ii) increase of rat uterine LH/human chorionic gonado¬ trophin binding sites (Bonnamy et al, 1990) and (iii) the establishment of high amplitude LH pulses in serum (Fox & Smith, 1985) . During oestrus, the progesterone content of the uterine lumen was at its lowest level probably because of concomitant high progesterone catabolism previously described in vitro (Bonnamy et al, 1989 (Challis et al, 1971 ) and higher than that of uteroglobin or corticosteroid-binding globulin (Westphal, 1986) . Finally, contrary to uteroglobin (Miele et al, 1987) (Rosner, 1990 (Nakhla et al, 1988) .
Third, the formation of the progesterone-protein complex could protect progesterone against catabolizing enzymes. The low amount of progesterone in the lumen at oestrus, in spite of high progesterone concentration in serum, could be the result of low amount of progesterone-binding proteins in uterine fluid. The fall in progesterone content in lumen from pro-oestrus to oestrus could facilitate sperm ascent and capacitation, events that are inhibited by high progesterone concentrations (Harper, 1988) .
In summary, it appears that progesterone content of lumen does not reflect serum progesterone concentrations. Uterine progesterone synthesis induced by LH or increase of luminal progesteronebinding protein allow the uterus to alter luminal progesterone concentrations irrespective of circu¬ lating concentrations and could make the uterine fluid suitable for intra-uterine reproductive events. However, numerous questions remained unresolved about the nature of the protein(s) involved in progesterone binding and about the physiological roles of the different forms of progesterone in the
